Abstract. Several preclinical and clinical studies have demonstrated that cyclooxygenase-2 (COX-2) inhibitors are efficient for the treatment of non-small-cell lung cancer (NSCLC). However, two recent phase III clinical trials using COX-2 inhibitors in combination with platinum-based chemotherapy failed to demonstrate a survival benefit. Thus, validation and discussion regarding the usefulness of COX-2 inhibitors for patients with NSCLC are required. We conducted a prospective trial using COX-2 inhibitors for the treatment of 50 NSCLC patients accrued between April, 2005 and July, 2006. Patients with untreated advanced NSCLC received oral meloxicam (150 mg daily), carboplatin (area under the curve = 5 mg̸ml x min on day 1) and docetaxel (60 mg/m 2 on day 1) every 3 weeks. The primary endpoint was response rate. The response and disease control rates were 36.0 and 76.0%, respectively. The time-to-progression (TTP) and overall survival (OS) were 5.7 months [95% confidence interval (CI): 4.6-6.7] and 13.7 months (95% CI: 11.4-15.9), respectively. The 1-year survival ratio was 56.0%. Grade 3 neuropathy was observed in only 1 patient. We performed tumor immunohistochemistry for COX-2 and p27 and investigated the correlation between their expression and clinical outcome. COX-2 expression in the tumor tended to correlate with a higher response rate (50.0% in the high-and 18.2% in the low-COX-2 group; P=0.092). Based on our results and previous reports, various trial designs, such as the prospective use of COX-2 inhibitors only for patients with COX-2-positive NSCLC, including the exploratory analysis of biomarkers associated with the COX-2 pathway, may be worth further consideration.
Introduction
Cyclooxygenase-2 (COX-2), the enzyme that converts arachidonic acid to prostaglandins (PGs), is expressed in a number of solid tumors and is associated with carcinogenesis, tumor proliferation, infiltration, metastasis, angiogenesis and resistance to anticancer drugs (1) . In lung cancer cells, COX-2, which is particularly overexpressed in adenocarcinoma (2) , is considered to be a negative predictor of survival in this subpopulation (3) (4) (5) (6) (7) . Based on these reports, several clinical trials have been conducted for the potentiation of targeting COX-2 in lung cancer (8) .
The cyclin-dependent kinase (Cdk) inhibitor p27 plays a critical role in cell cycle regulation from the G1 to the S phase by inhibiting Cdk4/6-cyclin D1 and Cdk2-cyclin E (9) . Loss of p27 expression tends to be an unfavorable prognostic factor in patients with non-small-cell lung cancer (NSCLC) (10) . Increased p27 expression is attributed to COX-2-independent mechanisms of G0/G1 arrest driven by COX-2 inhibitors (11) . Thus, p27 expression may be another predictive factor of the response to COX-2 inhibitors.
Taxanes, such as paclitaxel and docetaxel, are microtubule-stabilizing agents that act by interfering with spindle microtubule dynamics, causing cell cycle arrest and apoptosis through activating a number of molecular pathways (12, 13) . Taxanes are able to drive COX-2 expression, which is followed by increased prostaglandin E 2 (PGE 2 ) production (14) ; therefore, a complementary and additive or synergistic effect with COX-2 inhibitors may be expected. Moreover, the response to carboplatin plus docetaxel in Asian patients was reported to be statistically superior to that in Caucasian patients (15) .
Based on the abovementioned findings, we projected a prospective phase II trial using carboplatin, docetaxel and a
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Materials and methods
Patient characteristics. The eligibility criteria included histologically or cytologically confirmed stage IIIB/IV NSCLC, a patient age of 20-75 years and a life expectancy of >3 months. The patients had measurable disease according to the Response Evaluation Criteria in Solid Tumors, version 1.0, had received no prior chemotherapy or radiotherapy for target lesions and had an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1. The required laboratory criteria were white blood cell (WBC) count >4,000/mm 3 , neutrophil count >2,000/mm 3 , platelet count >100,000/mm 3 , hemoglobin >9.0 g/dl, aspartate aminotransferase (AST) or alanine aminotransferase (ALT) <1.5-fold of the upper limit of the normal range (ULN), total bilirubin <1.5 mg/dl and creatinine clearance (CCr) >50 ml/min. The exclusion criteria were active infection or fibrosis on chest X-ray, significant cardiovascular disease, uncontrolled diabetes mellitus or hypertension, peripheral nervous disorders of grade ≥2 according to the Common Terminology Criteria for Adverse Events (CTCAE), version 3.0, active secondary malignancy, central nervous system symptoms due to metastasis, uncontrolled pleural or pericardial effusion, history of severe drug hypersensitivity, recent or current use of non-steroidal anti-inflammatory drugs, pregnancy, or patients deemed inappropriate for the study by the participating physicians.
This study was performed in accordance with the Declaration of Helsinki and all the patients signed an informed consent prior to inclusion. The study protocol was approved by the Institutional Review Board of each participating institution.
Study design and treatment protocol. This was a single-arm prospective phase II study. The dose of carboplatin was determined using the Calvert formula with a target area under the curve (AUC) of 5 mg/ml x min. All the patients received docetaxel (60 mg/m 2 ) and carboplatin at an AUC of 5 mg/ml x min on day 1 every 3 weeks. Oral meloxicam at a dose of 10 mg daily was administered on days 1-21. We investigated p27 and COX-2 expression levels in tumors by immunohistochemistry (IHC). Dose reduction was permitted in the case of grade 4 neutropenia for 3 consecutive days, febrile neutropenia, or patient-physician's decision. The next course of chemotherapy was postponed in case of bone marrow suppression (WBC count <3,000/mm 3 , or neutrophil count <1,500/mm 3 , or platelet count <100,000/mm 3 ), non-hematological events (total bilirubin >1.5 mg/dl, AST >1.5 x ULN, ALT >1.5 x ULN, or CCr <50 ml/min) and any non-hematological grade 2 adverse events. The clinical, hematological and biochemical status was assessed on days 1, 8 and 15 in all the courses. Chest radiographs and computed tomography were performed at least once per month. The toxicities were graded using CTCAE, version 3.0.
IHC. IHC was centrally performed at SRL, Inc. (Tokyo, Japan). First, 5-µm sections of the specimens were deparaffinized and hydrated. For antigen retrieval, the slides were microwaved 4 times in 1 mM EDTA (pH 8.0) for 5 min. For COX-2 detection, staining was performed on an automated immunostainer (Ventana NX system; Ventana Medical Systems, Inc., Tucson, AZ, USA). The Endogenous Biotin Blocking kit (Ventana) was used to reduce non-specific staining caused by endogenous biotin present in the tissues. Subsequently, primary antibody (C295; anti-human COX-2 rabbit IgG polyclonal antibody; IBL Co., Ltd., Nagoya, Japan) diluted 1:25 was used for 30 min at 37˚C, followed by biotinylated goat anti-rabbit immunoglobulins (E0432; Dako, Glostrup, Denmark) diluted 1:500 and the 3-3'-diaminobenzidine tetrahydrochloride (DAB) kit (Ventana). The sections were then counterstained with hematoxylin for 1 min. For p27 detection, following antigen retrieval as described above, endogenous peroxidase activity was blocked by 3% hydrogen peroxidase in phosphate-buffered saline (PBS) for 10 min. The sections were washed in water. After blocking non-specific binding with 10% porcine serum in PBS for 10 min, the sections were incubated with the primary antibody (F-8; anti-human p27 mouse IgG1 monoclonal antibody; Santa Cruz, Dallas, TX, USA) diluted 1:50 in a humid chamber at 4˚C overnight. After washing with water, the sections were incubated with biotinylated rabbit anti-mouse immunoglobulins (E0464) (dilution, 1:500; Dako, Glostrup, Denmark) for 30 min at room temperature, washed in water again and then incubated with peroxidase-conjugated streptavidin (dilution, 1:500; Dako) for 30 min at room temperature. Following an additional wash in water, DAB was applied for 5 min and the sections were counterstained with hematoxylin for 1 min.
All the slides were reviewed by two pulmonary oncologists who were blinded to the clinical information. The slides were scored in a method similar to that previously described (weighted index) (16, 17) . Five random fields per slide at x200 magnification were evaluated to determine the ratio (%) of stained cells and intensity. The estimated ratios of stained cells were between 0% (0) and 100% (1.0), with intervals at a 10% grade. Intensity was scored using a numerical scale (0, no expression; 1+, weak expression; 2+, moderate expression; and 3+, strong expression, Fig. 1 ). The index (0-3) was calculated as % positive staining x intensity score.
Statistical analysis. The primary endpoint was overall response rate (ORR), defined as the proportion of patients whose best response was either complete or partial response (PR) in the intent-to-treat (ITT) analysis. Assuming that an ORR of 45.0% in eligible patients would indicate potential usefulness, whereas an ORR of 25.0% would be the lower limit of interest, with α=0.05 and β=0.20, 45 patients were required. The secondary endpoints were safety, time-to-progression (TTP), overall survival (OS), OS rate at 1 year and correlation between OS and the expression level of COX-2 and p27. The TTP and OS were estimated using the Kaplan-Meier method. Log-rank tests were used to evaluate the differences in TTP and OS between patients with positive and those with negative COX-2 and p27 expression, as determined by IHC. The association between the protein levels of COX-2 and p27 was evaluated using the Pearson's product-moment correlation coefficient. The correlation between COX-2 and p27 expression and the response rate was evaluated using the Fisher's exact probability test. The statistical analysis was performed using SPSS software, version 20 (IBM Corporation, Armonk, NY, USA). P≤0.05 was considered to indicate statistically significant differences.
Results
Patient characteristics. Between April, 2005 and July, 2006, 50 NSCLC patients were enrolled from 5 institutions. The patients' baseline characteristics are summarized in Table I . The median age was 65 years (range, 44-78 years), 17 patients were female and 24 had an ECOG PS of 1. One patient did not undergo treatment, due to disease progression after registration. The median number of treatment courses was 3 (range, 0-6).
Efficacy. A total of 49 patients were evaluable for response to treatment. The majority of the patients achieved tumor shrinkage (Fig. 2) . According to the ITT analysis, the ORR Table II) . The median follow-up time was 12.9 months (range, 2.1-26.2 months). The TTP and OS were 5.7 months (95% CI: 4.6-6.7) and 13.7 months (95% CI: 11.4-15.9), respectively (Fig. 3) . The OS rate at 1 year was 56.0%.
Safety. The incidence of treatment-related adverse events is presented in Table III . The grade 3/4 hematological adverse events were leukopenia (58.0%), neutropenia (80.0%), anemia (16.0%), thrombocytopenia (4.0%) and febrile neutropenia (8.0%). The grade 3/4 non-hematological toxicities were anorexia (12.0%), nausea/vomiting (8.0%), diarrhea (4.0%), fever (4.0%), alopecia (2.0%), neuropathy (2.0%) and myopathy (2.0%). One patient (2.0%) had grade 3 angina pectoris: the patient experienced chest pain on day 3 during the first course of the treatment, which was relieved by immediate infusion of heparin and coronary vasodilator for 6 days; however, the patient's treatment was terminated. Another patient (2.0%) suffered from febrile neutropenia and pneumonia followed by septic shock, requiring treatment with antibiotics and catecholamines on day 12 and developed deep vein thrombosis (DVT) in the left leg on day 26 during the second course of the treatment. The DVT was controlled using heparin followed by warfarin; however, the treatment protocol was discontinued.
Association between expression of p27 and COX-2 and clinical outcome.
Tissue samples were obtained from 34 (68.0%) of the 50 patients. Of the 34 samples, 32 were considered adequate for IHC. Of the 32 patients, 2 were not evaluable and one did not undergo treatment after registration. The expression of COX-2 and p27 was tabulated with clinical outcome and cut-off points were established by visual inspection of the data. We did not identify a correlation between the weighted index of COX-2 and that of p27. There was a trend of correlation between the level of COX-2 expression and ORR (50.0% in the high-and 18.2% in the low-COX-2 group; P=0.092) when the cut-off value of the index was 0.2 (Table IV) . The level of p27 expression was not associated with ORR (54.5% in the high-and 27.8% in the low-p27 score group; P=0.24). The TTP and OS of the patients with positive and negative COX-2 expression were estimated by the Kaplan-Meier method; however there was no significant difference between the two groups (TTP: 6.0 vs. 4.9 months, P=0.357; and OS: 14.9 vs. 13.9 months; P=0.372, respectively). There was also no significant difference in either TTP or OS between patients whose tumors were positive and those whose tumors were negative for p27 (TTP: 6.0 vs. 5.1 months, P=0.613; and OS: 14.9 vs. 13.4 months, P=0.438, respectively).
Discussion
In this trial, we investigated the effectiveness and toxicity of COX-2 inhibitors administered with carboplatin plus docetaxel in Japanese NSCLC patients and the association between tumor COX-2 and p27 expression and clinical outcome. There was a trend of correlation between the level of COX-2 expression and ORR. We first attempted to determine how p27 expression, which involves COX-2-independent mechanisms of G0/G1 arrest driven by COX-2 inhibitors, affects patient survival. However, the results revealed no statistical correlation. The Table III . Adverse events (CTCAE, version 3.0). overall treatment efficacy was favorable, but was not enhanced by COX-2 inhibitors in terms of tumor response (36.0%), OS (13.7 months) and 1-year survival ratio (56.0%). Previous phase II-III trials of docetaxel and carboplatin without COX-2 inhibitors for advanced NSCLC demonstrated that the ORR, OS and 1-year survival rate were 16.0-55.0%, 9.0-13.9 months and 44.0-58.0%, respectively (15, (18) (19) (20) . The incidence of adverse events, such as grade 3/4 neutropenia (80.0%) and febrile neutropenia (8.0%), was similar to those previously reported (51.1-79.0 and 3.3-26.0%, respectively). The frequencies of grade 3/4 myopathy (2.0%) and arthralgia (0.0%) were comparable to or lower compared to those reported by several phase II trials using carboplatin plus docetaxel without a COX-2 inhibitor (3.0-4.0 and 3.0%, respectively) (15, 18) . Two recent phase III trials (Table V) (21, 22 ) that used a design identical or similar to that of our study, failed to demonstrate any survival benefit with the addition of a COX-2 inhibitor to chemotherapy in patients with advanced NSCLC. Groen et al (21) demonstrated no statistical difference regarding survival between NSCLC patients with tumors positive and those with tumors negative for COX-2 expression, as determined by IHC.
Grade --------------------------------------------------------------
To elucidate whether COX-2 inhibitors are beneficial for NSCLC patients, we must consider several aspects of COX-2-based strategy based on previous studies (Table V) and reports.
First, there have been no prospective phase III trials with the design of a COX-2 inhibitor or placebo used only in COX-2-positive patients with NSCLC. Groen et al (21) investigated the association between COX-2 positivity and progression-free survival (PFS) and OS as a subgroup analysis. A phase II trial (23) demonstrated that prospectively defined subset analysis indicated a survival advantage with a COX-2 inhibitor and chemotherapy in patients with moderate-to-high COX-2 expression. Another group conducted a phase II trial using COX-2 inhibitors combined with platinum-based chemotherapy in 44 previously untreated patients with COX-2-positive advanced NSCLC confirmed by IHC; that study reported promising results, with a median PFS and OS of 6 and 18 months, respectively (24) .
Another reason supporting that we should focus on only COX-2-positive patients is the possibility of negative pharmacological effects of COX-2 inhibitors on patients with COX-2-negative tumors. Our results and those of a previous phase II trial (23) suggested that patients who do not express COX-2 may exhibit worse outcomes when treated with COX-2 inhibitors. The inhibition of COX-2 reportedly results in an imbalance between anti-and prothrombotic factors, with a predominance of thromboxane (TX)A 2 at the expense of prostacyclin, which may trigger a series of cardiovascular complications (25) . TXA 2 -TXA 2 receptor signaling facilitates tumor colonization through interaction of tumor cells with platelets and endothelial cells in the tumor microenvironment (26) . TXA 2 is also known to promote tumor metastasis (27) . Therefore, it is hypothesized that, by inhibiting COX-2, the COX-1 pathway may become dominant in normal cells, thereby assisting tumor growth in COX-2-negative cells. Other investigators reported that celecoxib treatment induced epithelial-to-mesenchymal transition, which promoted cell invasion and rendered cells resistant to chemotherapy (28) . These negative effects may obscure the positive effects in COX-2-expressing patients.
Second, we have not fully pursued the subpopulation benefits for a COX-2 inhibitor on both the clinical and molecular basis. Kozak et al (29) found that markedly elevated urinary levels of the major PGE 2 metabolite, which is a downstream signaling molecule of COX-2, were observed in patients with digital clubbing. Patients with high urinary levels of PGE 2 may benefit from COX-2 inhibitors. Another group demonstrated that low pretreatment plasma levels of vascular endothelial growth factor are predictive of a positive effect of celecoxib on survival (30) .
The molecular analysis-based selection of therapeutic agents for patients with advanced lung cancer is associated with significant benefits. The identification of epidermal growth factor receptor gene mutations (31) and the anaplastic lymphoma kinase fusion gene (32) contributed to predicting susceptibility to drugs such as gefitinib/erlotinib or crizotinib. The examination of the genetic background of a tumor may be crucial for identifying patients who may benefit from COX-2 inhibitors. Although the genes of the COX pathway are rarely mutated in cancer cells (33) , epigenetic alterations, such as DNA methylation, are recurrent events associated with longer recurrence times and improved OS in gastric cancer patients (34) . Further investigation is required to determine the association of the genetic and epigenetic deregulation of the COX pathway with clinical outcome in lung cancer.
As shown in Table V , the OS in Asian patients with NSCLC appears to be longer compared to that in non-Asian patients (21) (22) (23) (24) 35) . Pharmacoethnic differences in the response of cancer patients to certain drugs was recently reported (36) . However, the diversity of the metabolic action of COX-2 inhibitors among different ethnicities has yet to be elucidated. Thus, identifying such differences may help achieve a better understanding of the molecular mechanism(s) underlying the response to COX-2 inhibitors.
In conclusion, although administered to only 'unselected' patients in a randomized phase III trial that yielded negative results, COX-2 inhibitors may be worth further consideration for the treatment of NSCLC patients.
